Biomethanation of palm oil mill effluent (POME) by ultrasonic-membrane anaerobic system (UMAS) by Sangeethavani, Sundarajan
Undergraduate Research Project 
1 | P a g e  
 
 
BIOMETHANATION OF PALM OIL MILL EFFLUENT (POME) BY ULTRASONIC-





















BACHELOR OF CHEMICAL ENGINEERING 
UNIVERSITI MALAYSIA PAHANG 
 
Undergraduate Research Project 
2 | P a g e  
 
BIOMETHANATION OF PALM OIL MILL EFFLUENT (POME) BY 











Thesis submitted in partial fulfilment of the requirements 
for the award of the degree of 





Faculty of Chemical & Natural Resources Engineering 





MAY  2017 
 
Undergraduate Research Project 




We hereby declare that we have checked this thesis and in our opinion, this thesis is 





Signature    :  
Name of main supervisor :  
Position   :  
















Undergraduate Research Project 




I hereby declare that the work in this thesis is my own except for quotations and 
summaries which have been duly acknowledged. The thesis has not been accepted for 




Name  : SANGEETHAVANI A/P SUNDARAJAN 
ID Number : KA13025 
Date  : MAY 2017 
 
Undergraduate Research Project 
6 | P a g e  
 
ACKNOWLEDGEMENT 
 I would like to express my special appreciation and thanks to my supervisor Prof 
Dr Abdurahman Nour. You have been an excellent mentor for me. I would like to thank 
you for your never ending support and guidance from beginning till the end of my 
research. You never hesitate to give comments and suggestions to me regarding my 
research. 
 Next, a special thanks to my family. I am really grateful to have such an 
understanding family. My parents and sister always give moral support to me and 
encourage me to work hard to finish this research. Your prayer for me was what 
sustained me this far.  
 I would also like to thank my friends that were with me during my hard times. 
They support and help me in many ways so that I can strive towards my goal. I also 
would like to thank staffs in Chemical Engineering and Natural Resources Faculty who 












Undergraduate Research Project 
9 | P a g e  
 
TABLE OF CONTENTS 
 
SUPERVISOR‟S DECLARATION ............................................................................................... 4 
STUDENT‟S DECLARATION ..................................................................................................... 5 
ACKNOWLEDGEMENT .............................................................................................................. 6 
ABSTRACT .................................................................................................................................... 7 
ABSTRAK ...................................................................................................................................... 8 
TABLE OF CONTENTS ................................................................................................................ 9 
LIST OF TABLES ........................................................................................................................ 12 
LIST OF SYMBOLS .................................................................................................................... 13 
LIST OF ABBREVIATIONS ....................................................................................................... 14 
CHAPTER 1: INTRODUCTION ................................................................................................. 16 
1.1 Background of the study ................................................................................................... 16 
1.2       Motivation of the study ..................................................................................................... 18 
1.3. Problem Statement ............................................................................................................ 19 
1.4. Objectives of the study ..................................................................................................... 19 
1.5. Scopes of the study ........................................................................................................... 20 
CHAPTER 2: LITERATURE REVIEW ...................................................................................... 21 
2.1 Palm Oil Mill Effluent (POME) ............................................................................................ 21 
2.2 Applications of Ultrasound ............................................................................................... 21 
2.3 POME Treatment Methods ............................................................................................... 22 
2.3.1.Ponding system ...................................................................................................... 22 
2.3.2.Anaerobic Digestion .............................................................................................. 22 
2.4 Anaerobic Membrane Bioreactor (AnMBR) ......................................................................... 25 
2.5. Methane Gas for Electricity Production ................................................................................ 25 
2.6. Anaerobic Digestion Operation ............................................................................................. 26 
2.6.1 PH .......................................................................................................................... 26 
2.6.2 Mechanical Mixing .............................................................................................................. 27 
2.6.3 Organic Loading Rate .......................................................................................................... 27 
2.6.4 Temperature ………………………………………………………………...........29 
2.6.5 Hydraulic Retention time ..................................................................................................... 29 
2.6.6 Solid Retention time ............................................................................................................ 29 
Undergraduate Research Project 
10 | P a g e  
 
2.6.7 Volatile Fatty Acid ............................................................................................................... 29 
2.7 Membrane Technology ......................................................................................................... 30 
2.8 Membrane Fouling ................................................................................................................ 31 
2.9. Improvement of Biohydrogen Production through Combined Reuses of Palm Oil 
Mill Effluent Together with Pulp and Paper Mill Effluent in Photofermentation ............ 32 
2.10 Effects of Temperature on Aerobic Treatment of Anaerobically Digested Palm Oil 
Mill Effluent (POME) ....................................................................................................... 33 
2.11 Ultrasound-assisted Transesterification of Refined and Crude Palm Oils using 
Heterogeneous Palm Oil Mill Fly Ash Supported Calcium Oxide Catalyst ..................... 34 
2.12 Metagenomics shows that Low-energy Anaerobic-Aerobic Treatment Reactors 
Reduce Antibiotic Resistance Gene Levels from Domestic Wastewater ......................... 34 
2.13 A Two-Stage Microbial Fuel Cell and Anaerobic Fluidized Bed Membrane 
Bioreactor (MFC-AFMBR) System for Effective Domestic Wastewater 
Treatment .......................................................................................................................... 35 
2.14 Biocathodic Methanogenic Community in an Integrated Anaerobic Digestion and 
Microbial Electrolysis System for Enhancement of Methane Production from 
Waste Sludge .................................................................................................................... 36 
CHAPTER 3: METHODOLOGY ................................................................................................ 38 
3.1. Chapter Overview ................................................................................................................. 38 
3.2. Materials 38 
3.2.1. Chemicals to be used for Biomethanation and Product Analysis ............. 38 
3.3. Experimental Procedures for Biomethanation of POME by Ultrasonic-Membrane 
Anaerobic System ............................................................................................................. 38 
3.4. Analysis of Products .............................................................................................................. 39 
Methane gas measurement ...................................................................................... 39 
Determination of Chemical Oxygen Demand ......................................................... 40 
Determination of Biochemical Oxygen Demand .................................................... 40 
Determination of Total Suspended Solids (TSS) .................................................... 41 
Determination of Volatile Suspended Solids (VSS) ............................................... 41 
Determination of PH, Temperature and Color ........................................................ 42 
CHAPTER 4 : RESULTS AND DISCUSSIONS ........................................................................ 43 
Undergraduate Research Project 
11 | P a g e  
 
4.1. Initial Measurements of POME ............................................................................................. 43 
4.2. Summary Results of UMAS Performance ............................................................................ 43 
4.2.1. Chemical Oxygen Demand ....................................................................... 44 
4.2.2. Biochemical Oxygen Demand .................................................................. 44 
4.2.3. Total Suspended Solids ............................................................................. 45 
4.2.4. Volatile Suspended Solids ........................................................................ 45 
4.2.5. PH of Permeate ......................................................................................... 46 
4.3. Comparison between performance of Membrane Anaerobic System (MAS) and 
Ultrasonic Membrane Anaerobic Treatment (UMAS) ..................................................... 46 
CHAPTER 5 : CONCLUSION AND RECOMMENDATION ................................................... 48 
5.1. Conclusion ........................................................................................................................ 48 
5.2       Recommendations ………………………………………………………….48 
REFERENCES ............................................................................................................................. 49 















Undergraduate Research Project 
12 | P a g e  
 
LIST OF TABLES 
 
Table No.      Title       Page 
 
Table 2.1: Advantages and disadvantages of anaerobic and other alternative treatment 
methods 23 
Table 2.2: Filtration process with their properties and applications 30 
Table 2.3: Apparent Dimensions of various Particles 31 
Table 3.1: Chemicals and their uses                                                                                 38 
Table 4.1: Initial Measurements of POME 43 
Table 4.2: Summary Results of the Experiments                                                             43 
Table 4.3: Comparison between UMAS and MAS                                                          46 
 
 
Undergraduate Research Project 
13 | P a g e  
 




Cd    Solid Concentration in the digester 
Cw    Solid Concentration in the waste  
Qw    Volume wasted each day  
D1     Dissolved Oxygen value in initial sample 















Undergraduate Research Project 
14 | P a g e  
 
LIST OF ABBREVIATIONS 
 
POME  Palm Oil Mill Effluent 
UMAS Ultrasonic Membrane Anaerobic System 
COD  Chemical Oxygen Demand 
BOD  Biochemical Oxygen Demand 
TSS  Total Suspended Solids 
HRT  Hydraulic Retention Time 
EQA  Environmental Quality Act 
CPO  Crude Palm Oil 
AnMBR Anaerobic Membrane Bioreactor 
HRAS + AD High Rate Activated Sludge + Anaerobic Digestion 
MPOB  Malaysia Palm Oil Board 
OLR  Organic Loading Rate 
SRT  Solid Retention Time 
VFA  Volatile Fatty Acid 
NF  Nanofiltration 
UF  Ultrafiltration 
MF  Microfiltration 
MW  Molecular Weight 
PPME  Pulp and Paper Mill Effluent  
PNS  Purple nonsulfur bacteria 
SBR  Sequencing Batch Reactors 
TCOD  Thermophilic Chemical Oxygen Demand 
SVI  Sludge Volume Index 
AAS  Anaerobic-Aerobic Sequence 
ARG  Antibiotic-Resistant Genes 
MFC-AFMBR  Microbial Fuel Cell and Anaerobic Fluidized Bed Membrane Bioreactor  
MFC  Microbial fuel cells 
GAC  Granular Activated Carbon 
WAS  Waste-Activated Sludge 
Undergraduate Research Project 
15 | P a g e  
 
MEC  Microbial Electrolysis Cells 
DO  Dissolved Oxygen 
VSS  Volatile Suspended Solids 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
